blight in field pea (Fondevilla et al., 2011b) . A moderate level of resistance was observed in a few accessions on evaluation of large collections of cultivated pea accessions (Kraft et al., 1998; Zhang et al., 2006) ; however, that is not sufficient to control this disease. Zhang et al. (2007) observed the importance of additive genetic variance and suggested that resistance can be improved through breeding. Inheritance studies indicated the quantitative nature of this disease (Wroth, 1999) and the importance of additive and dominance effects for conferring resistance (Fondevilla et al., 2007) . Various studies have shown high levels of resistance to P. pinodes in Pisum fulvum Sibth. & Sm., a wild relative of field pea (Clulow et al., 1991; Wroth, 1998; Fondevilla et al., 2005) .
Several linkage maps have been developed in pea using amplified fragment length polymorphism (AFLP), random amplified polymorphic DNA (RAPD), and simple sequence repeat (SSR) markers for the identification of genomic regions associated with Ascochyta blight resistance and other agronomic traits (Tar'an et al., 2003; Prioul et al., 2004; Fondevilla et al., 2008) . Recently, a transcriptome sequencing approach using next-generation sequencing (NGS) technology produced a library of single nucleotide polymorphisms (SNPs) for linkage mapping in pea (Leonforte et al., 2013; Duarte et al., 2014; Sindhu et al., 2014) . Quantitative trait locus (QTL) analyses in various P. sativum mapping populations have resulted in the identification of several genomic regions associated with Ascochyta blight resistance (Timmerman-Vaughan et al., 2002 Tar'an et al., 2003; Prioul et al., 2004) . Timmerman-Vaughan et al. (2002 identified a large number of QTLs for disease resistance on all seven linkage groups (LGs) in two pea mapping populations, and Tar 'an et al. (2003) reported three QTLs on LGs II, IV, and VI under field conditions. Prioul et al. (2004) identified six QTLs at the seedling stage on LGs III, Va, VI, and VII under controlled conditions and 10 QTLs at the adult stage on LGs II, III, Va, and VII under field conditions. Recently, QTLs were identified for Ascochyta blight resistance in a cross involving wild P. sativum ssp. syriacum accession P665 (Fondevilla et al., 2008; Fondevilla et al., 2011a) . Fondevilla et al. (2008) reported six QTLs on LGs II, III, IV, and V, which collectively explained 31 to 75% of the phenotypic variation, whereas Fondevilla et al. (2011a) detected three new QTLs on LGs III and VI after enriching their previous map with additional SSR markers. More recently, QTLs and candidate genes controlling cellular mechanisms involved in Ascochyta blight resistance were identified in P665 (Carrillo et al., 2014) . Using a Medicago truncatula Gaertn. microarray (Fondevilla et al., 2011b) and deepSuperSAGE transcription profiling , differentially expressed genes involved in defense responses to P. pinodes were observed in P665. Candidate genes including RGAs (resistance gene analogs), PsDof1 (a putative transcription factor), and DRR230-b (a pea defensin) colocated with previously described QTLs for Ascochyta blight resistance (Prioul-Gervais et al., 2007) . Further, SNPs detected within candidate genes PsDof1 (PsDof1p308) and RGA-G3A (RGA-G3Ap103) showed significant associations with Ascochyta blight scores (Jha et al., 2015) .
Promising wild pea accessions (P. fulvum and P. sativum ssp. elatius) identified in previous research have potential for further improvement of Ascochyta blight resistance through molecular breeding (Jha et al., 2012) . P651 (P. fulvum) showed the highest level of resistance against P. pinodes isolates on evaluation of 78 wild Pisum accessions (Fondevilla et al., 2005) . Thus, the objectives of this research were (i) to generate a genetic linkage map of a pea recombinant inbred line (RIL) population (PR-19) derived from a cross between P651 (P. fulvum) and Alfetta (P. sativum) and (ii) to identify QTLs in PR-19 associated with Ascochyta blight resistance and potentially correlated agronomic traits.
MATERIALS AND METHODS

Plant Material
PR-19 was developed from a cross between the resistant accession P651 (P. fulvum) and the susceptible field pea cultivar Alfetta (P. sativum). IFPI3232, originated in Syria, was the original code for P651, which was obtained by CSIC (Cordoba, Spain) from ICARDA (Syria). P651 was chosen as the resistance source after an evaluation study was performed under greenhouse and field conditions using 44 wild pea accessions obtained from the USDA (Pullman, WA) and the CSIC (Cordoba, Spain), which included P. fulvum (26), P. sativum ssp. elatius (6), P. sativum ssp. transcaucasicum (4), P. sativum ssp. abyssinicum (4), P. sativum ssp. asiaticum (3), and P. sativum ssp. sativum var. arvense (1) ( Jha et al., 2012) . A single F 1 plant was used to generate approximately 300 F 2 seeds through clonal propagation. In this method, several cuttings were made using a sharp knife from the top-growing branch just below the leaf node. The cut end was dipped into 0.1% indole-3-butyric acid rooting powder (Plant-Prod Stim-Root No. 1, Plant Products Co. Ltd., Brampton, ON), then inserted into a peat moss plug placed on a tray, which was transferred to a misting chamber until roots were developed. Rooted cuttings were transferred to potting soil in individual pots in the greenhouse and allowed to self. Generation F 6 RILs were generated by self-pollination using a single seed descent from the F 2 generation. Seeds of the F 7 for conducting the 2013 field trial were generated by bulking the seeds produced from three F 6 greenhouse-grown plants, and the resulting F 7:8 seeds were used for evaluation of Ascochyta blight resistance in 2014 under greenhouse and field conditions.
Assessment of Ascochyta Blight Resistance and Other Agronomic Traits under Field Conditions
Depending on the availability of seeds, a total of 127 RILs of PR-19 were evaluated for Ascochyta blight resistance in two replicates under field conditions in 2013 at Saskatoon, and in 2014 at Saskatoon and Rosthern, with three replicates at each
Statistical Analysis
Data were analyzed using PROC MIXED implemented in SAS 9.3 (SAS Institute, 2011) . Line (genotype) was treated as a fixed effect and replication as random across the RILs. Homogeneity of variance test (HOVTEST) was used to assess the homogeneity of variance among replications.
RESULTS
Ascochyta Blight Resistance and Other Agronomic Traits under Field Conditions
Data across years and locations can be combined when the variance is not significant at P ³ 0.05 in HOV-TEST. Since location and year were significant in HOVTEST, datasets were not combined for analysis of variance (ANOVA) or QTL analysis. A wide range of variation was observed for Ascochyta blight scores and for the other agronomic traits evaluated under field conditions ( Table 1 , Fig. 1 and 2 ). The effect of line (RIL) was significant (P < 0.001) for all measured traits at all station-years. Ascochyta blight scores ranged from zero to four at midflowering, one to five at late flowering, one to six at pod development, two to eight at pod filling, and two to nine at physiological maturity (0-9 scale). Days to flower ranged from 31 to 54 d, and plant height ranged from 10 to 170 cm. Lodging scores varied from one to nine on the one-to-nine scale. Days to maturity varied from 75 to 101 d, and grain yield varied from 3 to 4209 kg ha −1 . Disease scores in 2014 were positively correlated (r = 0.74, P < 0.001) with scores in 2013. Similarly, disease scores at Rosthern in 2014 had a positive correlation (r = 0.71, P < 0.001) with scores at Saskatoon. Ascochyta blight score at the pod filling stage was positively correlated with lodging (r = 0.49, P < 0.001) and negatively correlated with DTF (r = −0.43, P < 0.001), plant height (r = −0.64, P < 0.001), DTM (r = −0.63, P < 0.001), and grain yield (r = −0.67, P < 0.001) ( Table 2) . A wide range of variation was observed in Ascochyta blight scores and agronomic traits ( Fig. 1 and 2 ).
Ascochyta Blight Resistance under Greenhouse Conditions
Similar to field conditions, the effect of line (RIL) was significant (P < 0.001) for each greenhouse experiment. Homogeneity of variance tests for the greenhouse experiments indicated that the results from these experiments should not be combined. Ascochyta blight scores of RILs for AB1-GH ranged from zero to six for the first and third experiments and one to six for the second and fourth experiments ( Table 3 ). The Ascochyta blight severity of RILs at 2 wk ranged from two to nine for the first and one to nine for the third experiment, whereas the scores ranged from three to eight for the second and three to nine for the fourth experiment. P651 disease scores ranged location. Plots were not inoculated with P. pinodes, as natural infection levels were sufficient. The experimental design was a randomized complete block design (RCBD) with three-row plots of 1.0  1.0 m, a plant density of 75 plants m −2 , and row spacing of 0.25 m. Plants were scored for Ascochyta blight severity on a plot basis using a scale of zero (no disease) to nine (whole plant severely blighted), based on Xue et al. (1996) . The first disease score was recorded at the midflowering stage, and subsequent assessments were taken at 7-to 10-d intervals until physiological maturity (80% of the pods in the plot turned brown). Recombinant inbred lines were also evaluated for agronomic traits, including days to flower (DTF), plant height, lodging, days to maturity (DTM), and grain yield on a plot basis. Days to flower and DTM were calculated as the number of days from planting to 50% bloom and physiological maturity, respectively. Plant height was measured from the soil level to the tip of the central stem, while lodging was assessed on a one (upright) to nine (completely lodged) scale at physiological maturity.
Assessment of Ascochyta Blight Resistance under Greenhouse Conditions
PR-19 RILs (144) were evaluated for Ascochyta blight resistance under greenhouse conditions in 2014, in four repeated experiments using an RCBD with four plant replicates. Plants were grown at 22 ± 3°C day/20 ± 3°C night temperatures under an 18-h photoperiod with approximately 60% relative humidity, and an integrated photosynthetic active radiation of 210 mol m −2 s −1
. Three-week-old plants were wrapped with translucent plastic cones and inoculated with spore suspensions of P. pinodes isolate PP25 collected from a commercial field in Saskatchewan at a concentration of 5  10 4 spores mL
, similar to that of Jha et al. (2012) . Plants were scored for Ascochyta blight severity 1 wk (AB1-GH) and 2 wk (AB2-GH) after inoculation using the zero-to-nine scale, as described earlier.
Genotyping, Linkage Mapping, and QTL Analysis
Genotypic data generated through 1536 Illumina GoldenGate assays by Sindhu et al. (2014) were used for linkage mapping and QTL analysis. GenomeStudio software 2010.3 (Illumina, 2010) was used for data clustering and allele calling. The linkage map, using genotyping from 133 RILs, was constructed using Carthagene 1.2.2 software (de Givry et al., 2005) . Out of the 144 RILs genotyped, 11 RILs were removed from linkage map construction due to poor allele calling. The Kosambi map function was used to calculate map distances. The frame of the map was created using the markers not showing distorted segregation, and then adding those showing distorted segregation using a combination of the Build, Annealing, Taboo, and Flips commands. Linkage groups were assigned on the basis of comparison of shared markers with the pea consensus map generated by Sindhu et al. (2014) . Quantitative trait loci were identified by composite interval mapping (CIM) using Windows QTL Cartographer 2.5 (Wang et al., 2012) . The significance threshold (P < 0.05) was used to declare the presence of QTLs for each trait by performing 1000 permutations of the data (Churchill and Doerge, 1994) . Linkage maps and QTLs were graphically shown using MapChart 2.2 (Voorrips, 2002) . from zero to four (AB1-GH) and two to six (AB2-GH), whereas Alfetta scores ranged from one to five (AB1-GH) and five to nine (AB2-GH). The disease scores of P651 and Alfetta never overlapped at any stage of evaluation. In all four repeated experiments, mean Ascochyta blight score was greater at AB2 than AB1, and the coefficient of variation for Ascochyta blight score was less for AB2 than AB1. Figure 3 shows the frequency distributions of 144 RILs based on least squares means. No definite trend was observed in correlation between disease scores from the greenhouse and field experiments.
Linkage Map
Out of 1536 SNP markers tested, 768 were polymorphic between the parents, Alfetta and P651. Among them, 733 were utilized in mapping, while 35 were unlinked. A total of 386 (52.7%) markers exhibited segregation distortion at the P < 0.01 significance level. Each of the 733 SNPs was mapped to one of six LGs that, in total, covered 682.1 cM of the pea genome, with an average marker interval of 0.93 cM (Fig. 4) . In this study, six LGs instead of the seven typically reported for pea were observed, because
LGs I and IV were joined, and this linkage group was therefore named LG I-IV. Linkage groups were assigned on the basis of the consensus map reported by Sindhu et al. (2014) . Linkage group I-IV was the largest, with 209 markers and an average marker interval of 0.93 cM, whereas LG VI was the smallest, with 92 markers and the shortest average marker interval of 0.85 cM.
Identification of QTLs for Ascochyta Blight Resistance and Other Agronomic Traits
Six QTLs (abI-IV-1, abI-IV-2, abI-IV-3, abI-IV-4, abIII-1, and abVII-1) were identified for Ascochyta blight resistance at different stages on LGs I-IV, III, and VII under field conditions (Table 4) . Individually, these QTLs explained 7.5 (abI-IV-2) to 28% (abIII-1) of the total phenotypic variation. Three additional QTLs (abI-IV-5, abIII-2, and abVII-2) were identified at AB1-GH stage under greenhouse conditions and, individually, these QTLs contributed 11 to 12.5%, of the total phenotypic variation. For QTLs abI-IV-1, abI-IV-4, and abIII-2, parent Alfetta contributed alleles for Ascochyta blight resistance, whereas for the other six QTLs, the wild pea parent P651 contributed alleles. In addition, five QTLs each were identified for plant height, DTM, and grain yield, four QTLs for DTF, and two QTLs for lodging. In the majority of cases, P651 alleles decreased the value of the traits (Table 4) .
DISCUSSION
In this research, a high density genetic linkage map constructed from gene-based SNPs was used to identify QTLs for Ascochyta blight resistance in a mapping population utilizing wild pea accession P651 (P. fulvum). Previous studies have identified several QTLs associated with Ascochyta blight resistance in P. sativum and wild P. sativum ssp. syriacum using mainly AFLP, RAPD, and SSR markers (Tar'an et al., 2003; Prioul et al., 2004; Fondevilla et al., 2008) . Accession P651 utilized in this research was the most promising for resistance breeding, as it had a relatively low disease score under field, as well as greenhouse, conditions (Jha et al., 2012) . Earlier, Fondevilla et al. (2005) observed that P651 (P. fulvum) had the highest level of resistance to P. pinodes, followed by P670 (P. sativum ssp. elatius) and P665 (P. sativum ssp. syriacum). Further, P651 was the most resistant against the isolates of P. pinodes collected from France, Spain, Poland, Canada, and Japan (Fondevilla et al., 2005) . In histological studies on wild peas including P651, Carrillo et al. (2013) indicated that 
Saskatoon 2013 Line 1.8*** 3.9*** 4.1*** 6.3*** 10.8*** 7.7*** 59.4*** 7.9*** 6.9*** 10.5*** Range 1.0-4.0 1.0-4.0 2.0-6.0 2.0-8.0 3.0-9.0 31-49 11-101 2.0-9.0 75-101 3-4209
Mean ± SD 2.2 ± 0.5 2.8 ± 0.7 3.2 ± 0.8 4.6 ± 1.3 5.8 ± 1.3 40.9 ± 3.8 37.7 ± 18.1 6.1 ± 1.6 90. Mean ± SD 1.4 ± 0.6 2.1 ± 0.5 2.8 ± 0.7 3.7 ± 0.9 5.3 ± 1.1 49.0 ± 1.9 60.2 ± 29.6 5. In recent years, several gene-based linkage maps have been developed in pea (Deulvot et al., 2010; Leonforte et al., 2013; Carrillo et al., 2014; Duarte et al., 2014) . Recently, a pea consensus map consisting of 939 SNPs was created using data from five RIL populations, including 303 SNPs from PR-19, genotyped using Illumina GoldenGate technology (Sindhu et al., 2014 ). In the current research, the same genotyping data was used to generate a stand-alone linkage map resistance to P. pinodes could be due to reduced lesion size and colony development, and that these events were associated with epidermal cell death and protein crosslinking. Various researchers have emphasized the need for efficient utilization of wild pea accessions in breeding for resistance to P. pinodes, but success has been hampered by the polygenic nature of resistance (Wroth, 1999; Prioul et al., 2004; Muehlbauer and Chen, 2007; Fondevilla et al., 2008; Fondevilla et al., 2011a) . of PR-19 consisting of 733 SNP markers and covering a genetic distance of 682.1 cM. This map is more saturated than previous maps used for QTL analysis, with an average marker interval of 0.93 cM (Tar'an et al., 2003; Prioul et al., 2004; Timmerman-Vaughan et al., 2004; Fondevilla et al., 2008) .
Population PR-19 was part of the consensus map of Sindhu et al. (2014) , in which they only used 303 highquality polymorphic SNP markers. There were many markers not used in the consensus map because they exhibited varying degrees of segregation distortion. In this study, a large number of markers (52.7%) exhibited segregation distortion at the P < 0.01 significance level. The map presented here includes many of these distorted markers; however, the frame of the map was created using only the high-quality markers. The rest of the markers were then added using Carthagene commands, as described in Materials and Methods, and only included if their positions compared well with the other individual and consensus pea maps. Distorted segregation affects the estimated recombination fractions between loci and the resulting estimated linkage map distance, and reduces the power of detecting QTL (Wang et al., 2005; Xu, 2008) . Distorted segregation is frequently noticed in progeny of inter-and intraspecific hybrids, due to competition among gametes or abortion of the gamete or zygote (Faris et al., 1998) . AB1-GH Line 4.2*** 3.0*** 3.9*** 3.9*** Range 0.0-6.0 1.0-6.0 0.0-6.0 1.0-6.0
Mean ± SD 2.9 ± 1.1 3.5 ± 1.0 2.3 ± 1.1 4.1 ± 1.1 CV (%) 37.5 28.9 50.6 27.0 AB2-GH Line 5.3*** 3.5*** 6.2*** 5.0*** Range 2.0-9.0 3.0-8.0 1.0-9.0 3.0-9.0
Mean ± SD 5.2 ± 1.3 5.6 ± 1.2 4.5 ± 1.6 6.3 ± 1.1 CV (%) 24.3 20.8 34.5 17.5 *** Significant at the 0.001 level. † GH1, GH2, GH3, and GH4 denote four repeated experiments under greenhouse conditions; AB1-GH and AB2-GH denote Ascochyta blight scores at 7 and 14 d after inoculation, respectively. LG VII represent the three of the six linkage groups. Markers with segregation distortion at P < 0.01 are shown in italics. These groups were assigned on the basis of the consensus map reported by Sindhu et al. (2014) . The left side of each linkage group shows the genetic distances in cM. Locations of quantitative trait loci (QTLs) for a given trait are shown by vertical bars, which indicate 1-LOD (logarithm of odds) support intervals. Abbreviations S13, S14, R14, and GH associated with QTL names denote 2013 Saskatoon, 2014 Saskatoon, 2014 Rosthern, and Greenhouse, respectively. Underlined markers represent the closest marker to the identified QTL with maximum LOD value. Sindhu et al. (2014) . ‡ Closest marker to the identified QTL with maximum LOD (logarithm of odds) value. § Percentage of total variability explained by the QTL detected for the trait. ¶ The value associated with the Alfetta allele; a negative value means that the Alfetta allele decreases the value of the trait, while a positive value means that the Alfetta allele increases the value of the trait. # AB1, AB2, AB3, AB4, and AB5 denote Ascochyta blight scores at the midflowering, late flowering, pod development, pod filling, and physiological maturity stages, respectively. AB1-GH1, AB1-GH2, AB1-GH3, and AB1-GH4 denote Ascochyta blight scores at 7 d after inoculation for four repeated experiments.
Xu (2008) reported that the presence of a few segregation distortion loci (SDL) can cause the entire chromosome to distort from Mendelian segregation but can be useful to QTL mapping when distortion of a locus is random. Previous reports have typically presented maps of seven or more linkage groups representing the seven chromosomes of pea (Tar'an et al., 2003; Prioul et al., 2004; Fondevilla et al., 2008; Duarte et al., 2014; Sindhu et al., 2014) . The PR-19 map is depicted here as six linkage groups (Fig.  4) . Linkage group I-IV is presented here as one linkage group, rather than two, because standard mapping analysis was unable to separate them. This inability to define break points between known distinct linkage groups is often due to a translocation event that exists in one of the parents relative to the other. Markers from the PR-19 map were compared with several maps from cultivated crosses, the consensus map of Sindhu et al. (2014) , as well as a linkage map developed from a cross between P651 and another wild pea accession, W6 15017 (P. fulvum) (Jha et al., unpublished data, 2016) . The markers defining the translocation block were only polymorphic in the PR-19 population, and these comparisons allowed for characterization of the translocation region, but did not allow for assignment of a map location in cultivated or wild pea. Once the physical map of pea is available, it could be compared with the PR-19 map to localize the translocation region. Indeed, several translocations between P. fulvum and P. sativum have been reported based on genetic and cytological analyses (Lamprecht, 1964; Ben-Ze'ev and Zohary, 1973; Errico et al., 1991) . Conicella and Errico (1985) and Errico et al. (1991) demonstrated two independent, reciprocal interchanges in P. fulvum that involved chromosome pairs I and VII and III and V, relative to P. sativum. Lamprecht (1964) observed three translocations in P. fulvum in comparison with cultivated pea, whereas Ben Ze'ev and Zohary (1973) reported two translocations in P. fulvum when these were crossed with P. sativum. Errico et al. (1991) observed two translocations in meiotic data from F 1 plants obtained by crosses between P. sativum with P. fulvum. In this research, a total of nine QTLs were identified for Ascochyta blight resistance. Six QTLs were identified under field conditions, and three additional QTLs were detected under greenhouse conditions. Individually, these QTLs explained 7.5 to 28% of the total phenotypic variation. Wild parent P651 contributed the alleles for resistance for six QTLs, whereas Alfetta contributed the allele for three QTLs. One reason for observing different QTLs under field and greenhouse conditions could be that, while plants in the greenhouse were inoculated with a single isolate (PP25), lines in the field were exposed to the natural variation of Ascochyta isolates. Indication of pathogenic variation among isolates was reported based on differential reactions of pea cultivars to P. pinodes isolates (Xue et al., 1998; Zhang et al., 2003) . Xue et al. (1998) reported 22 pathotypes of P. pinodes from 275 isolates collected from infected fields from Manitoba (147), Saskatchewan (76), and Alberta (52), Canada. Among the 275 isolates tested on 21 pea genotypes, 47 showed a specific genotype-isolate interaction. Similarly, Zhang et al. (2003) identified 15 pathotypes from 58 isolates collected from western Canada, New Zealand, France, Australia, the United Kingdom, and Ireland. Thirty-three out of 58 isolates were collected from infected fields in Manitoba, Saskatchewan, and Alberta, Canada. According to the virulence effect of the isolates, they observed that 57.2 and 42.8% of the total variation were due to differences among populations and molecular diversity within populations, respectively. Under field conditions, QTLs abI-IV-2 (PsC8031p219), abI-IV-3 (PsC7497p542), and abI-IV-4 (PsC13000p248) could account for resistance, whereas abI-IV-1 (PsC20818p367), abIII-1 (PsC8780p118), and abVII-1 (PsC4701p407) could account for disease avoidance and/or resistance, as these loci were concurrently associated with other traits including plant height and/or lodging. Alternatively, resistance under field conditions could be due to physiological resistance (Khan et al., 2013) . Canopy architecture features such as branching, lodging resistance, stem height, and leaf area index could affect the impact of Ascochyta blight disease under field conditions to a greater extent than under greenhouse conditions, as these affect microclimate within the canopy and splash dispersal of P. pinodes conidia (Schoeny et al., 2008; Le May et al., 2009) . Differences in the growth stages when the plants were rated in the field and greenhouse experiments would be an important factor, and the effects of differences in height and lodging would not be important factors for disease development under greenhouse conditions. Plants were evaluated for disease resistance during early growth stages under greenhouse conditions, whereas evaluation was done during the midflowering stage and onward under field conditions, and that could also be one of the possible reasons for not observing the same QTLs under different conditions.
Out of nine QTLs for disease resistance, five were on LG I-IV and two each were on LG III and VII. Under field conditions, QTLs abI-IV-1, abI-IV-2, and abIII-1 were present in data from three out of five evaluation growth stages in either 2013 or 2014, whereas under greenhouse conditions, QTLs abI-IV-5 and abIII-2 were detected in two out of four experiments. The QTL abIII-1 that was present on LG III in data from four out of five growth stages under field conditions in both years and locations in 2014 was most promising. This QTL explained 28% of the phenotypic variation, and P651 contributed the allele for resistance. Previously, several QTLs were identified for Ascochyta blight resistance on LG III in pea mapping populations (Timmerman-Vaughan et al., 2002 Prioul et al., 2004; Fondevilla et al., 2008 Fondevilla et al., , 2011a Carrillo et al., 2014) , and LG III has harbored the most QTLs for Ascochyta resistance identified to date. Using common SSR markers, Fondevilla et al. (2011a) confirmed that three QTLs identified in P. sativum ssp. syriacum, MpIII.1, MpIII.3, and MpIII.2, were corresponding to the QTLs mpIII-1, mpIII-3, and mpIII-5 detected in P. sativum by Prioul et al. (2004) . Further, a comparative analysis revealed that QTL MpIII.1 for disease resistance under growth chamber, as well as field conditions, explained up to 29% of the phenotypic variation (Fondevilla et al., 2008) was located on the same distal part of LG III where Prioul et al. (2004) reported QTL mpIII-1, which explained up to 42% of the phenotypic variance. Colocalization of RGAs and defense-related genes with QTLs for resistance to P. pinodes were observed in pea (Timmerman-Vaughan et al., 2002; Prioul-Gervais et al., 2007) . Prioul-Gervais et al. (2007) observed colocations of candidate genes PsDof1 and DRR230-b with QTLs mpIII-1 and mpIII-4 associated with Ascochyta blight resistance, found by Prioul et al. (2004) on LG III in pea. In the same region on LG III, Timmerman-Vaughan et al. (2002) and Fondevilla et al. (2008) found QTLs Asc3.1 and MpIII.1 for Ascochyta blight resistance in different mapping populations, respectively.
In this study, five QTLs were present on LGI-IV and two QTLs were present on LG VII. Similar to our findings, a number of QTLs were identified on these linkage groups by various investigators in P. sativum and P. sativum ssp. syriacum. Of note, Timmerman-Vaughan et al. (2002, 2004) identified several QTLs on LGs I, IV, and VII, and Tar 'an et al. (2003) detected one QTL on LG IV in P. sativum. Further, Prioul et al. (2004) detected two QTLs on LG VII in P. sativum, whereas Fondevilla et al. (2008 Fondevilla et al. ( , 2011a identified one QTL on LG IV in P. sativum ssp. syriacum. Timmerman-Vaughan et al. (2002) reported colocalization between RGAs, RGA1.1, RGA2.97, and RGA-G3A and QTLs for Ascochyta blight resistance on LG VII. At the same locus, Prioul-Gervais et al. (2007) reported colocalization of RGAs (RGA2, RGA3, RGA-G3A, IJB174, and IJB91) with the QTL mpVII-1 (Prioul et al., 2004) for Ascochyta blight resistance. More recently, Jha et al. (2015) reported significant associations between Ascochyta blight scores and SNPs detected within candidate genes PsDof1 (PsDof1p308) and RGA-G3A (RGA-G3Ap103). On the basis of shared anchored markers used in Sindhu et al. (2014) with previous pea maps, the location of QTLs identified in the present research was compared with QTLs reported in P. sativum (Prioul et al., 2004; Prioul-Gervais et al., 2007) and P. sativum ssp. syriacum (Fondevilla et al., 2008 (Fondevilla et al., , 2011a Carrillo et al., 2014) . None of the currently identified QTLs was located in regions where these investigators reported QTLs for Ascochyta blight resistance. In the present research, five QTLs each were identified for plant height, DTM, and grain yield, four QTLs for DTF, and two QTLs for lodging.
The P. fulvum parent P651 alleles decreased the value of traits in the majority of QTLs. Previous researchers also reported several QTLs for agronomic traits in pea (TimmermanVaughan et al., 2002 (TimmermanVaughan et al., , 2004 Tar'an et al., 2003; Prioul et al., 2004; Burstin et al., 2007; Fondevilla et al., 2008) .
The current study identified four loci on each of the LGs I-IV, III, V, and VII associated with multiple traits. The locus PsC8780p118 on LG III was associated not only with Ascochyta blight resistance, but also with lodging, DTF, and DTM. Parent P651 contributed an allele for all traits, and this locus explained 19 (lodging) to 55.5% (DTM) of total phenotypic variation. Ascochyta blight scores were positively correlated with lodging and negatively correlated with DTF and DTM. Similar to this study, previous researchers had also reported correlations between Ascochyta blight, lodging, plant height, and DTM (Tar'an et al., 2003; Banniza et al., 2005; Conner et al., 2007; Jha et al., 2013) . A locus associating with multiple traits could be explained by genetic linkage or pleiotropic effects of genes (Prioul et al., 2004; Timmerman-Vaughan et al., 2004; Fondevilla et al., 2008) and could contribute to correlations between different traits (Tar'an et al., 2003) . Overlapping QTLs associated with Ascochyta blight resistance and plant maturity were observed on LGs II, IIb, III, and V in pea (Timmerman-Vaughan et al., 2004) . A common locus (PsC20818p367) on LG I-IV was associated with Ascochyta blight resistance, plant height, and grain yield. Parent Alfetta alleles increased disease resistance, plant height, and grain yield. Similarly, locus PsC4701p407 on LG VII was associated with Ascochyta blight resistance, plant height, lodging, and DTM. P651 alleles increased resistance and decreased plant height, lodging, and DTM values. Colocalizations between QTLs for Ascochyta blight resistance and QTLs for plant height and flowering date were identified on LGs II, III, and VI in pea (Prioul et al., 2004) .
Markers can be designed within identified QTL regions and used in breeding programs to help develop pea cultivars with improved disease resistance. Further, QTL abIII-1 was consistent across locations and years, whereas abI-IV-2 was significant at both locations in 2014. These QTLs were utilized for development of heterogeneous inbred family populations, which will be used for fine mapping to identify closely linked markers and/or potential candidate genes for Ascochyta blight resistance.
